1. Introduction
===============

Acquired myasthenia gravis (MG), a prototypic humoral mediated autoimmune disease, is characterized by fatigable muscle weakness ([@b1-epj-08-1718], [@b2-epj-08-1718]). There is ample evidence that an autoimmune dysregualtion mechanism is responsible for the development of the disease, including the presence of auto antibodies in the neuromuscular junction, the ability of those auto antibodies to induce MG symptoms if injected into rodents, and the therapies that remove these auto antibodies, which usually decrease the symptoms of MG ([@b3-epj-08-1718], [@b4-epj-08-1718]). Auto antibodies to acetylecholine receptors (Anti-AChR), muscle specific kinase (Anti-MuSK), low-density lipoprotein receptor-related protein 4, and aquaporin-4 were linked to the pathogenesis of MG ([@b5-epj-08-1718]--[@b10-epj-08-1718]). Complement activation mediated destruction of AChR, endocytosis of cross-linked AChR molecules, blockage of AChR binding site by anti-AChR auto antibodies, blocking of collagen Q binding to MuSK, and maybe others that are unknown are the proposed mechanisms of disease production in various clinical subtypes of MG ([@b3-epj-08-1718], [@b5-epj-08-1718], [@b10-epj-08-1718], [@b11-epj-08-1718]). CD3+CD4+ T lymphocytes (T-helper) play an important role in the pathogenesis of MG. Pathogenic anti-AChR auto antibodies are high-affinity immunoglobulins (IgGs), and their synthesis requires that activated T-helper cells interact with B cells, which produce the low-affinity anti-AChR auto antibodies. This interaction triggers somatic mutations of the IgGs genes, leading to synthesis of high-affinity auto antibodies ([@b12-epj-08-1718]--[@b14-epj-08-1718]).

From the above description, we can say that the effector mechanisms for induction of MG were thoroughly studied in the literature, but little is known about the role of the elements of the adaptive immune response in the development of MG. Active suppression of auto reactive T cells that escape the central mechanism of thymic clonal deletion and anergy, by CD4+CD25+ regulatory T cells (T-regs) plays a key role in the control of auto reactive T cells and the induction of peripheral tolerance in vivo ([@b15-epj-08-1718]--[@b18-epj-08-1718]). Despite the clear role of the T-regs in animal models of autoimmune diseases, only very limited and controversial information is available about the role of this T-cell population in the pathogenesis of human autoimmune diseases. Decrease in the number and/or the activity of circulating T-regs was reported in various autoimmune diseases, such as multiple sclerosis, type I diabetes mellitus, and others ([@b19-epj-08-1718]--[@b22-epj-08-1718]). There are many reports that showed decreased number or activity of T-regs in animal models of MG ([@b23-epj-08-1718]--[@b26-epj-08-1718]), however limited number of reports studied the T-regs in human patients with MG with conflicting results. Some studies showed reductions in T-regs numbers ([@b27-epj-08-1718]--[@b29-epj-08-1718]), impairment of its regulatory function ([@b30-epj-08-1718], [@b31-epj-08-1718]), or no defect ([@b32-epj-08-1718], [@b33-epj-08-1718]). One more mechanism of defense against immune attacks of self-antigens is the complement regulatory proteins. Decay-accelerating factor (DAF or CD55) and the membrane inhibitor of reactive lysis (MIRL or CD59) are membrane-bound proteins that restrict complement at different levels of the activation cascade. However, the role of those proteins in the pathogenesis of MG remains controversial. Some studies showed deficiency in the levels and/or functions of those proteins in animal models of MG ([@b34-epj-08-1718]--[@b37-epj-08-1718]), but other studies failed to confirm this ([@b38-epj-08-1718]). Moreover, the situation in human MG patients is unclear, since, to the best of our knowledge, there are no human studies available for those factors. As a step forward to further explain the role of the above described elements of adaptive immune response in the pathogenesis of MG in humans, we studied the percentages of T-helper, T-regs and the level of expression of CD55 and CD59 on red blood cells (RBCs) in the peripheral blood of human MG patients.

2. Material and Methods
=======================

2.1. Research design and setting
--------------------------------

In this case-control study, 14 patients (12 females and 2 males) with MG were recruited from the neurology outpatient clinics of Sohag University Hospital and Sohag General Hospital between March 2014 and December 2014. The mean age ± SD of the patients was (32.36 ± 6.54).

2.2. Selection criteria and patients
------------------------------------

Several criteria were used for the clinical diagnosis of MG, i.e., 1) muscle weakness and rapid fatigue in one or more muscle groups; 2) muscle weakness aggravated by exercise and relieved by rest; and 3) a significant response to anti-cholinesterase drugs. Decremental response in repetitive nerve stimulation test and single fiber EMG were used to support the clinical diagnosis of MG. Osserman-Genkins' classification was used for the clinical classification of MG patients. Ten age- (33.9 ± 7.25) and gender- (8 females and 2 males) matched healthy controls without evidence of chronic inflammatory diseases participated in the study.

2.3. Research ethics
--------------------

Written informed consent was taken from all study participants, and the study protocol was approved by the local Ethics Committee at Sohag University.

2.4. Analysis of T cells population in peripheral blood
-------------------------------------------------------

Flowcytometric analysis of the percentage of T-helper and T-regs among the total lymphocytes population was carried out for all study participants. Peripheral blood samples were drawn in EDTA-containing test tubes. T-helper lymphocytes and T-regs were stained with monoclonal antibodies to CD4 (FITC), CD3 (PC5), and CD25 (PE) respectively. One hundred μL blood samples were placed into polystyrene tubes (Beckman Coulter, France) and subjected to three-color staining with 10 μL/test of fluorochrome conjugated monoclonal antibodies (MoAbs). The antibodies used were anti CD4FITC, anti CD3PC5, and anti CD25PE (Beckman Coulter, France). After incubation for 20 min in the dark at room temperature, 1.0 mL of lysing reagent (Versalyse TM, Beckman Coulter, France) was added, and lysis was allowed for 10 min in the dark at room temperature. The cells were washed twice with phosphate-buffered saline prior to analysis. The cells were analyzed and 10,000 events were acquired using Beckman Coulter Epics-XL flowcytometer using System II software version 3.0 (Coulter, USA). The membrane intensities of CD3, CD4, and CD25 was estimated in the gated subpopulations by two parameter histograms. The intensities were proportional to the number of CD3, CD4, and CD25 epitopes on the cell membranes. We recorded the relative mean fluorescence intensity (MFI) of each sample, which indicated the amount of MoAbs bound to CD3, CD4, and CD25 expressed on peripheral blood cells. Gates for expression of CD25+ in the CD4+ population (CD4+ CD25+) were set. The CD25+ gate was adjusted to contain CD4+ cells that expressed CD25+ than the discrete population of CD4+ cells that does not express CD25.

2.5. Analysis of RBCs expression of complement regulatory proteins
------------------------------------------------------------------

Flowcytometric analysis of level of expression of complement regulatory proteins (CD55 and CD59) on RBCs was carried out for all study populations. Blood samples were collected in EDTA-containing test tubes. CD55-PE and CD59-FITC conjugated antibodies (Beckman Coulter, France) were used for flowcytometric analysis of CD55 and CD59, respectively. Diluted blood (100 μL, with an optimal dilution with phosphate-buffered saline (PBS) to achieve 10,000 RBC/μL) was placed into polystyrene tubes (Beckman Coulter, France) and subjected to two-color staining with 10 μL/test of MoAbs, i.e., anti CD55PE and anti CD59FITC (Beckman Coulter, France). After incubation for 20 min in the dark at room temperature, the samples were resuspended in 1 mL of PBS. After incubation for an additional 20 min under the same conditions, the cells were analyzed by the flowcytometer, and 10,000 events were acquired by Beckman Coulter Epics-XL flow cytometer using System II software version 3.0 (Coulter, USA). Membrane intensities of CD55 and CD59, which were proportional to the number of CD55 and CD59 epitopes, respectively, on the RBCs membranes, were estimated in the gated subpopulations by two-parameter histograms. The relative MFI of each sample expressed on then RBCs was recorded, indicating the amount of MoAbs bound to CD59 or CD55.

2.6. Statistical analysis
-------------------------

The student's t-test was used to analyze both the T reg/T-helper ratio and the percentages of CD55 and CD59 expression. Demographic variables and baseline clinical characteristics of the two groups were compared using student's t-test and the chi-squared test. The results were considered to be significant if P \< 0.05. The SPSS version 16 software program was used for statistical analyses. If not mentioned otherwise, data were given as mean ± SEM. Other appropriate tests are described in the results section.

3. Results
==========

The various clinical and demographic data of all patients are presented in [Table 1](#t1-epj-08-1718){ref-type="table"}. There were no statistically significant differences between patients and controls regarding age and gender. The total percentages of T-helper cells among the total lymphocytic count of patients and healthy controls were 55.5 ± 3.74 and 62.07 ± 2.65, respectively. However, the percentages of T-regs subtype were 1.66 ± 0.27 and 3.76 ± 0.66 for patients and healthy controls, respectively. The T-regs/T-helper ratios were 0.029 ± 0.003 and 0.06 ± 0.01 for patients and healthy controls, respectively. The student's t-test indicated that there was a statistically significant difference between patients and healthy controls regarding the T-regs percentages and T-regs/T-helper ratio (t = −3.295, p = 0.003; t = 3.141, p = 0.005) ([Figures 1](#f1-epj-08-1718){ref-type="fig"}, [2](#f2-epj-08-1718){ref-type="fig"}). However, there was no significant difference between patients and healthy controls regarding T-helper percentages (t = −1.32, p = 0.2). Regression analysis indicated that there were no significant correlations between T-regs percentage and T-regs/T-helper ratio and disease duration or staging in the patients.

The total percentages of CD55 expressing RBCs in peripheral blood of patients and healthy controls were 55.69 ± 3.68 and 95.9 ± 1.27, respectively. The percentages of CD59 expressing RBCs were 67.07 ± 2.89 and 84.15 ± 2.30 for patients and healthy controls, respectively. The percentages of RBCs dually expressing both CD55 and CD59 were 29.26 ± 3.08 and 52.21 ± 4.9 for patients and healthy controls, respectively. The student's t-test indicated that there was a statistically significant difference between patients and healthy controls in the percentages of RBCs expressing CD55, CD59 and both CD55/CD59 (t = 8.919, p \< 0.001; t = 4.33, p \< 0.001; t = 4.142, p \< 0.001, respectively) ([Figures 3](#f3-epj-08-1718){ref-type="fig"}, [4](#f4-epj-08-1718){ref-type="fig"}). Regression analysis indicated that there was no significant correlation between T-regs/T-helper ratio, CD55 expressing RBCs, CD59 expressing RBCs, and finally CD55/CD59 dually expressing RBCs percentages and disease duration or staging.

4. Discussion
=============

We found that the immunological profile of patients with MG was characterized by a reduction in the percentage of T-regs and T-regs/T-helper ratio. Moreover, there was a reduction in the peripheral blood RBCs level of expression of complement regulatory proteins (CD55, CD59) in comparison to the control group, but the reductions of the T-regs percentage, the CD55, and the CD59 were not correlated to the severity of the disease. The main mechanism of immune tolerance to self-antigens was achieved initially during thymic development by active clonal deletion of the potentially auto reactive T cells. However, in normal individuals, some of these pathogenic cells, including those with auto reactivity to AChR, overcame clonal deletion. Those auto reactive T cells are caught by peripheral tolerance mechanisms. One of the most important peripheral tolerance mechanisms is the T-regs ([@b39-epj-08-1718]). T-regs are a subpopulation of T cells that suppress auto-reactive T cells to maintain self-tolerance ([@b40-epj-08-1718]). Concerning the pathogenesis of autoimmune disease, it has been hypothesized that a functional deficiency in T-regs could result in the failure to suppress auto-reactive T cell responses ([@b41-epj-08-1718], [@b42-epj-08-1718]). As outlined in the Introduction, a deficiency or dysfunction of T-regs can contribute to the pathogenesis of many autoimmune diseases ([@b43-epj-08-1718]--[@b46-epj-08-1718]). T-regs actively mediate self-tolerance and suppress autoimmunity by inhibiting activation, proliferation, and cytokine production of the effector auto reactive T cells that arise de novo or escape thymic filtering mechanisms. The transcription factor forkhead box protein P3 (FOXP3) is expressed on the surface of T-regs and is considered to be the master regulatory mechanism for the development and functioning of these cells ([@b40-epj-08-1718], [@b47-epj-08-1718]). A dysfunction or deficiency of T-regs also has been reported in both animal models and human patients with MG. There are many reports that have shown a decreased number or decreased activity of T-regs in animal models of MG ([@b23-epj-08-1718]--[@b26-epj-08-1718]). One study of MG patients indicated that the number of T-regs in the blood of untreated myasthenia gravis patients was significantly lower than in age-matched healthy subjects; however, it was normal or elevated in patients who were undergoing immunosuppressive treatment ([@b27-epj-08-1718]). One study used a more precise method for detection, including the detection of cells with FOXP3 surface protein and CD25+ (high), and it also showed a reduction in the frequency of T-regs in MG patients compared to healthy controls ([@b28-epj-08-1718]). Moreover, Masuda et al. found that FOXP3 expression and T-regs number were lower in MG patients than in healthy controls ([@b29-epj-08-1718]). Other studies have shown only dysfunction in T-regs activity. Thiruppathi et al. used surface CD4+, CD25+ (high), and CD127- (low) expression to isolate a relatively pure population of T-regs. They established that, in MG patients, there was no alteration in the relative numbers of T-regs within the peripheral T cell pool. However, in vitro proliferation assays showed that the T-regs-mediated suppression of auto reactive T cells was impaired in MG patients and was associated with a reduced expression of FOXP3 in isolated T-regs 30. Other studies have shown that both mRNA and the protein expression level of FOXP3 in CD4+CD25+ T-regs were down-regulated dramatically. This was accompanied by a severe functional defect in CD4+CD25+ T-regs regulatory activity when they were co-cultured with autologous CD4+CD25- T cells. In this case, the functional defect occurred although the reservoir of CD4+CD25+ T-regs was not changed in the peripheral blood from MG patients ([@b31-epj-08-1718]).

A complement system is defined as a sequentially-activated, soluble serum proteins cascade, leading to cell death through direct lysis and/or phagocytic activation. A complement system can be activated through three pathways, i.e., the classic pathway (antibody dependent), alternative pathway (spontaneous), and the lectin pathway (mediated by mannose-binding lectins pathway). All of these pathways end by formation of anaphylatoxins (C3a and C5a), which mediate inflammation, opsonin (C3b), which mediates opsonization and promote phagocytosis, and the formation of membrane attack complex (MAC), which leads to direct cell lysis ([@b48-epj-08-1718]--[@b50-epj-08-1718]). CD55 and CD59 restrict complement activation by inhibiting C3/C5 convertases' activities and the formation of the membrane attack complex, respectively ([@b51-epj-08-1718], [@b52-epj-08-1718]). Many studies have explored the role of complement regulatory proteins in animal models of MG. The studies have shown that diminished intrinsic complement regulatory activity may contribute to the susceptibility to MG ([@b35-epj-08-1718]) and increase the expression of CD55 and CD59, which protects against the loss of acetylcholine receptors and protects against muscle weakness ([@b34-epj-08-1718]). Actively immunized experimental MG mice deficient in either CD55 or CD59 had significant differences in their adaptive immune responses. They also had worsened disease outcomes associated with the increased levels of serum cytokines, the modified production of acetylcholine receptor antibodies, and enhanced complement deposition at the neuromuscular junction ([@b36-epj-08-1718], [@b37-epj-08-1718]). A common occurrence in human MG is the propensity for the involvement of the extraoccular muscles. In mice, profiling the gene expression using a DNA microarray has verified that CD55 gene expression is five to seven times lower in extraoccular muscles than in skeletal muscles. This provides additional evidence for the role of CD55 in pathogenesis of MG ([@b53-epj-08-1718]). To the best of our knowledge, we do not have studies of human patients with MG in which the role of CD55 and CD59 was expressed.

5. Conclusions
==============

From these findings, we concluded that impaired immune regulation characterized by quantitative defects in the T-regs and in the inhibition of the complement cascade occurs in patients with MG. Nevertheless, MG patients are still treated with non-specific global immunosuppression that is associated with severe chronic side effects. We believe that modulation of these defects alone or in combination might aid in the development of future treatment strategies that would reduce MG symptoms with highest efficacy and lowest side effect profile. Further improvement of novel treatment methods based on inhibition of the complement system will open a new page in management of patients with MG, such as the use of natural complement inhibitors as humanized CD55.
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###### 

Demographic data of MG patients

  Patient   Age (years)   Gender[1](#tfn1-epj-08-1718){ref-type="table-fn"}   Disease duration (years)   Osserman-Genkins Classification
  --------- ------------- --------------------------------------------------- -------------------------- ---------------------------------
  1         39            F                                                   5                          IIB (Moderate generalized MG)
  2         33            F                                                   2                          I (Ocular MG)
  3         28            F                                                   8                          IV (Late severe MG)
  4         26            F                                                   1                          IIA (Mild generalized MG)
  5         43            M                                                   5/12                       IIA (Mild generalized MG
  6         24            F                                                   2/12                       III (acute fulminating MG)
  7         35            F                                                   1                          IIA (Mild generalized MG)
  8         30            F                                                   3                          IIB (Moderate generalized MG)
  9         40            F                                                   4                          IIB (Moderate generalized MG)
  10        42            F                                                   2                          IIB (Moderate generalized MG)
  11        27            F                                                   3/12                       I (ocular MG)
  12        24            F                                                   1                          IIA (Mild generalized MG
  13        32            F                                                   3                          IIA (Mild generalized MG)
  14        30            M                                                   2                          IIA (Mild generalized MG)

M = male, F = female
